Objective : The objective of this study was to compare the incidence of ventricular shunt placement for shunt-dependent hydrocephalus (SDHC) after clipping versus coiling of ruptured aneurysms.
INTRODUCTION
Chronic hydrocephalus after occlusion of ruptured aneurysmal subarachnoid hemorrhage (SAH) has been reported to range from 6 to 67%. 16) The location of the aneurysm, initial mental status, and presence of initial intraventricular hemorrhage (IVH) are risk factors for development of chronic hydrocephalus. 11)19)21)22) 26) In addition, the amount of hemorrhage in the subarachnoid space and ventricular system has a strong association with development of hydrocephalus.
4)5)7)12)
Acute hydrocephalus develops through obstructive mechanisms when blood clot and products disrupt the cerebrospinal fluid (CSF) pathway. In contrast, chronic hydrocephalus may occur through a different mechanism where the adhesion obstructs the CSF circulation.
2)3)6)8)10)15)18) 26) Due to advances in endovascular techniques, comparison of the incidence of shunt-dependent hydrocephalus (SDHC) after clipping versus coiling of ruptured aneurysms is very important. Their relative effectiveness of these procedures has yet to be clearly determined in the literature. Results of one study showed a lower incidence of shunt-dependent hydrocephalus in the surgical treatment group. 7) In another study, no difference was observed between the clipping group and the coiling group. 12) Therefore, our objective is to analyze the incidence of SDHC between the surgical clipping and endovascular coiling groups. We also evaluate the variables affecting ventriculo-peritoneal shunt (VPS) after clipping or coiling of ruptured aneurysmal SAH.
MATERIALS AND METHODS

Patients
A total of 215 patients with aneurysmal SAH who underwent surgical clipping or endovascular coil embolization during the period from May 2008 to December 2011 were included in the current study.
Relevant clinical and radiographic data regarding the incidence of hydrocephalus and VPS were analyzed.
Patients treated with surgical clipping were assigned to Group A, while those treated with endovascular coiling were assigned to Group B.
Patients were initially diagnosed with SAH by brain computed tomography (CT) scan. CT angiography or digital subtraction angiography (DSA) was performed in order to confirm the ruptured aneurysm. The clinical characteristics of the patients were obtained from their medical records and imaging studies.
Treatment modality
The treatment modality for the ruptured aneurysmal 
Statistical analysis
A two-sample t-test and a chi-square test of independence were used for comparison between the therapeutic groups (Group A and Group B). In this study, a probability value of less than 0.05 was considered statistically significant. Univariate logistic regression model was used for analysis of the risk factors for shunt-dependent hydrocephalus.
In comparison of the surgical clipping group and the endovascular coiling group, we analyzed the fol- 
RESULTS
The mean age of the patients was 56.5 years (range 27-79 years). The female to male ratio was 1.9: it may result in more rapid clearance of the blood and decreases the incidence of SDHC. However, they did not consider the initial lumbar drainage, which might lower the incidence of hydrocephalus. Therefore, the advantage of the lumbar drainage was underestimated. 4) For this reason, findings of their study showed a higher incidence of SDHC in the coiling group than in the clipping group.
However, according to the results of this study, compared to surgical clipping, the endovascular coiling procedure is not a risk factor for development of SDHC. Some studies reported similar results in that no significant difference in the incidence of SDHC was observed between the clipping group and the coiling group.
4)5)12)
The treatment modality for the ruptured aneurysmal SAH is not a risk factor for development of SDHC our study with previous studies, the incidence of SDHC in coiled patients was much lower than in previous studies (Table 4) . Removal of the SAH is not possible during an endovascular coiling procedure;
however, the LD might lower the incidence of SDHC.
Due to the different protocol, assessment of statistically significant correlations between LD and incidence of SDHC was not possible.
In the current study, we identified several risk fac- Our study has some limitations. This study is a retrospective study; therefore, selection bias was inevitable.
In addition, the treatment modality was dependent upon the surgeon's discretion. The number of patients in each group was not similar, such that there were 157 patients in the clipping group and 58 patients inthe coiling group. In addition, the location of the aneurysms was not evenly distributed in either group.
This discrepancy is due to the fact that in our institution, the majority of ruptured aneurismal SAH is still being treated by surgical clipping. Thus, a prospective, multicenter, and well stratified protocol will be needed for comparison of the incidence of ventriculo-peritoneal shunt placement for shunt-dependent hydrocephalus (SDHC) after clipping versus coiling of ruptured aneurysmal SAH.
CONCLUSION
In this study, treatment modality showed no statistical significance with regard to the incidence of SDHC. A significantly higher rate of shunt dependency was observed for age older than 65 years, poor initial neurological status, and thick SAH with presence of initial IVH. By understanding these factors related to development of SDHC, it is expected that management of aneurysmal SAH will result in a better prognosis. However, a randomized and prospective study of treatment modality with or without the use of lumbar drainage will be able to overcome the limitations of our study.
